Two milk substitute diets for which the protein was provided either exclusively by skim milk powder (control) or partially (34%) by dehulled raw pea flour were given for 2 and 4 wk, respectively, to five preruminant calves, each fitted with a reentrant ileocecal cannula. Ileal apparent digestibility was lower with the pea diet during wk 1 than with the control diet. Four of the cannulated calves exhibited significant intolerance to the pea diet, resulting in lower digestibility during wk 4. In contrast, fecal digestibility of the pea diet, measured in four additional calves without reentrant cannulas, did not significantly decrease between wk 1 and 4. The AA composition of ileal digesta from the first group of calves did not vary greatly, suggesting that the differences observed in their apparent digestibility of proteins were due mainly to changes in the loss of endogenous proteins. However, pea legumin survived digestion in the small intestine in amounts generally equivalent to 1 to 3% of intake. Most of that undigested fraction was smaller than the native legumin: 40 to 200 kDa instead of 360 kDa. Also, a 45-kDa fragment was detected in the urine. Increased intestinal permeability could have favored the development of the high systemic anti-pea antibody titers that were observed in all of the calves.
INTRODUCTION
Inclusion of plant proteins from high protein seeds, such as soybean and peas, in the diet frequently causes changes in the digestion, including increased digesta flow rates, increased volumes of digesta (13, 22, 25, 26), and decreased nutrient digestibility (12, 20) . Inclusion of soybean meal in the diet has also produced alteration in the intestinal mucosa (2, 13, 25), which increased the uptake of large protein fragments ( 15).
Soybean meal contains hemagglutinins, trypsin inhibitor, and globular storage proteins (glycinin and P-conglycinin) that stimulate production of antibodies (14) . Peas contain two main storage proteins (legumin and vicilin) that also cause monogastrics and preruminants to produce circulating antibodies against them (22, 23) but low levels of the other antinutritional factors.
This study was conducted to measure the effects of inclusion of unprocessed pea flour in a calf milk replacer on ileal and fecal digestibility, stimulation of circulating antibodies against pea protein, digestion of the antigenic proteins, and gut permeability to macromolecules.
MATERIALS AND METHODS

Diets
Two milk substitute diets (control and pea) were prepared (Table 1) . Protein for the control diet came exclusively from spray-dried skim milk powder. In the pea diet, 34% of the CP was provided by a dehulled raw pea flour (Pisum sativum cv. Amino); the remainder was supplied by spray-dried skim milk powder and synthetic AA. The AA composition of the pea flour and of the diets is given in Table 2 . a peristaltic pump and lasted 2 to 4 min. Diets were fed at 58 g of DM/kg of BW.75 per d.
The amount of milk replacer was adjusted weekly, based on the BW measured each Friday. During collection periods, phenol red (100 mg/L) was added to the morning meal, and the time of emergence of red digesta from the ileum was recorded (k 15 min). Experimental diets were introduced during four successive meals; the proportions of previous and new diets were .75 and .25, .5 and .5, . 25 and .75, and 0 and 1, respectively.
In Experiment 1, three calves were designated to start the trial on the control diet, which was given for 2 wk, after which they were switched to the pea diet for an additional 4 wk, which included the transition period. The other two calves started on the pea diet for 4 wk and then were switched to the control diet for 2 wk. Total ileal digesta were collected from each calf for three periods, each period corresponding to the last 4 d of a feeding week. On the pea diet, the collection periods were wk 1 and 4 for all calves (Figure 1 ). On the control diet, the collections were made on wk 1 (calves starting with that diet) or wk 2 
Calves, Feedlng, and Measurements
Five Holstein heifer calves (Experiment 1) and four Holstein bull calves (Experiment 2) were purchased at about 8 d of age. The calves from both experiments were fed only a skim milk-based milk replacer from open buckets until approximately 2 wk after surgery, which occurred at 10 and 5 wk of age, respectively.
In Experiment 1, an abomasal catheter and a reentrant cannula from the distal end of the ileum to the cecum were installed on each calf under general anesthesia (12). In Experiment 2, the calves were fitted only with an abomasal catheter. Once the calves had recovered from the operation, they were kept in metal frame elevated metabolism stalls (1.15 m x 1.7 m) for the duration of the experiments. Each calf was fed twice daily (0830 and 1630 h) by infusion of the diet into the abomasum through the abomasal catheter. Infusion was made with (calves starting with the pea diet). The reentrant cannula was opened for the weekend prior to collection of digesta. Total digesta were collected into a 10-L flask from the meal given on Monday morning until the same hour on Friday morning. The digesta were mixed with 250 ml of 1 M NaOH (two calves) or 60 to 100 ml of .2 M HgCl2 (three calves) to limit enzyme and microbial activities during each 24-h period. The mixture was stirred continuously with a magnetic stirrer, the quantity was measured daily, and aliquots were frozen for subsequent lyophilization and chemical analysis. Plasma samples were collected as noted in Figure 1 . Lukewarm water was infused at about 1330 h into the abomasum in amounts equivalent to the ileal digesta collected to replace the fluids lost in collection. In Experiment 2, the calves were given the pea diet for 5 wk and the control diet for an c2 P4 additional 4 wk (Figure 1 ). Feces were collected totally, weighed, and sampled for lyophilization during wk 1 and 4 after the transition to the pea diet. The feces were collected into 100 ml of .2 M HgC12 added to the collection pan each morning. The feces and HgCl2 were mixed at least once during the day. A single urine sample was collected from each calf immediately after wk 4 when the calves were on collection. The calves were observed from 1300 to 1430 h. When they were standing to urinate, a sample was collected manually into a funnel that discharged into a 100-ml plastic container. All calves urinated at least once during the 1 -5-h observation period. The urine samples were labeled and frozen immediately for subsequent lyophilization. Digestibility was not measured for the control diet. Plasma samples were collected as noted in Figure 1 . 
BUSH
After 1 wk of ileal digesta collection (Experiment 1) for determination of nutrient digestibility, total digesta were collected from four calves at hourly intervals after the morning feeding. Samples from calves C and D were collected after wk 1 on the pea diet; samples from calves A and B were collected after wk 3 and 4, respectively. The digesta was aspirated into a 600-ml beaker and mixed continually with 2 ml of .2 M HgC12 and 1 ml of .09 M phenylmethylsulfonyl fluoride in ethanol for each 100 ml of digesta. At the end of each hour, the total volume of digesta collected was measured, the pH was measured, and a 10-g sample was added to a glass crystallizing dish. The dishes were promptly frozen and lyophilized.
Chemical Analysis
Samples of the pea flour, pea and control diets, feces, and ileal digesta kom the 4-d collection periods were analyzed for DM, N, fat, ash, and AA (except feces) according to methods previously described (1 2).
Antibody titers against the main two globulins of pea (legumin and vicilin) were measured in plasma samples by ELISA (22). Values are reported as serial dilution factors (voUvol) from 1 (1:20) through 10 (1:10240) of the test plasma that gave a reaction equal to that from a positive control.
Extracts were prepared by continually stirring (350 rpm) a measured amount of pea flour, lyophilized digesta, or lyophilized feces in 100 volumes of buffer (.l M NaBO3, .15 M NaCl, pH 8.0) for 90 min at ambient temperature (25'C). The extracts were clarified by centrifugation at 20,000 x g for 15 min.
Legumin from these extracts was measured according to the double sandwich ELISA described by Nunes do Prado et al. (22) with the following modifications. The standard was pure legumin (lo), diluted in a control extract prepared from digesta collected from a calf that had never been fed peas and did not have a nonspecific positive reaction in the ELISA test. The control extract was diluted to approximately . 20 diluted control extract. For quantitation of the assay, anti-rabbit IgG conjugated with peroxidase rather than alkaline phosphatase was used because digesta have high alkaline phosphatase activity.
&Lactoglobulin P-LG) was measured in plasma in a double sandwich ELISA. The plates were coated with anti-P-LG antibodies from rabbit (approximately 1 pdml in carbonate buffer; pH 9.7). Dilution of the test plasmas was prepared in mature bull plasma that had been diluted 1:4 (vol/vol) with PBS plus Tween. The standard curve was prepared using pure P L G diluted in the same bovine plasma. The second anti-P-LG antibody was from guinea pig (approximately 1 pglml). Anti-guinea pig IgG conjugated with alkaline phosphatase was used as the terminal antibody. Both anti-p-LG antibodies were previously extracted from the serums by affinity chromatography.
Molecular size determinations of immunoreactive legumin were made in extracts prepared from digesta collected at 4 and 8 h from two heifer calves (A and B) that had been given the pea diet for 3 and 4 wk. A sample of urine collected from one bull calf after 4 wk of pea feeding also was analyzed. The extracts (.5 ml) were applied to a column of Sephadex G-200 (Sigma) (.6 x 50 cm) and separated into 1-ml fractions using PBS (.14 M NaCl, .02 M Na2PO4, .0025 M KCl, .0015 M KH2PO4; pH 7.40) as elution buffer. Fractions that contained protein were analyzed for legumin by ELISA. The column was calibrated with purified pea legumin (390 kDa) (7), purified pea vicilin (150 kDa) (7), bovine serum albumin (66 kDa) (Sigma), and ovalbumin (45 kDa) (Sigma). Also, resuspended urine from one of the bull calves was separated on the Sephadex G-200 column.
Soluble protein from extracts and column effluents was determined by the Lowry procedure (17) as modified for measurement with ELISA plates and reader (R. S. Bush and J. P. LABS, 1989, unpublished). Bovine serum albumin was dissolved in distilled water (.5 mg/ ml) and used as the protein standard. One portion of the plate (3 columns x 6 rows) was set up for the standard curve, which had a total of 50 pl of bovine serum albumin plus water added to each well, producing a curve from 0 to 25 pg of protein in triplicate. Extracts were 
Statistical Analysis
Statistical significance was determined by paired c test analysis of the data using the PROC MEANS procedure of SAS (24) for paired comparisons with experiments and the c test procedure for nonpaired comparisons between experiments. The treatments were considered to be nonparametric because the values for the second collection period on the pea diet were related directly to the results obtained during wk 1 of collection. The AA compositions of proteins were compared by pairs by the distance of x2 (12) ( Table 6 ). The proportions of dietary, endogenous, and bacterial proteins in ileal digesta were estimated by a method combining a multiple regression analysis and the calculation of the distance of x2 (8).
The composition of axenic lamb feces (5) was used as a model of undigested endogenous protein. The mean composition of pig (19) and sheep (18) fecal bacteria was used to represent the composition of gut bacteria. Significance was declared at P I .05 unless otherwise noted. Values reported in the text with indication of variance are means and standard errors.
RESULTS
Experiment 1: Growth and Digesta Flow
Throughout the experiment, all calves remained in good health. The cannulas were in proper working order, and no blockages were observed.
Live weight gains were lower with the pea diet (.66 f .24 and . l l f .35 kg/d during wk 1 and 4, respectively) than with the control diet (.97 f .15 kg/d). The total volume of digesta collected from the ileal cannula was equivalent to 19.6 f 1.8% of replacer intake with the control diet. This volume increased to 32.1 f 3.5% (P S .01) during wk 1 on the pea diet and to 54.3 f 11.2% during wk 4. The DM content of the digesta also increased (P I .01) from 5.6% on the control diet to 9.3 and 8.1%
during collection in wk 1 and 4 on the pea diet.
Ileal Apparent Digestibility
In comparison with the control diet, the pea diet had lower ileal digestibility for DM (P I
.Ol), OM ( P I .Ol), N, fat, minerals, and Nfree extract (P I .01) during wk 1 and 4 of feeding (Table 3) . Between the two collection periods on the pea diet, digestibility decreased, especially in four calves, but, because of larger individual variations during the second period, the difference was significant only for DM and OM.
The pea diet was lower in ileal digestibility for individual and total AA and for AA N ( Table 4) . Only the differences for Glu and Gly were not significant between the control diet and at least one of the periods on the pea diet. The differences between wk 1 and 4 on the pea diet were significant for Thr and Cys. 
AA Composition of Ileal Digesta
For all diets, the percentage of AA N was lower in the digesta ( Table 5 ) than in the diet ( Table 2 ). The digesta contained more Thr, Gly, Ala, and Cys and were less rich in Lys and Arg than the corresponding diets and pea flour. The differences of AA profile among the digesta and the dietary proteins were important, as shown by the large distance of x2 (2155; Table 6 ). The AA composition of ileal digesta was different from that of endogenous (5) and bacterial proteins (18, 19) (distance of x2 2 91).
During wk 1 on the pea diet, concentrations of Asp (P I .01) and Gly in ileal digesta were higher than those from the control diet by approximately 16%, but concentrations of Thr were lower by 19% ( Table 5) . During wk 4, the differences between the pea and control diets were not significant for Asp, but Tyr decreased (P I .Ol). Relative amounts of Glu, Pro, and Gly changed between wk 1 and 4 of pea feeding but not significantly. The differences in digesta A4 composition were small (distance of x2 I 35; Table 6 ) compared with the differences between the digesta and its respective diet.
Digestion of Legumin
Legumin was not measured in the digesta collected from the first two calves because it was denatured under the high pH conditions @H > 11) caused by the sodium hydroxide added to the digesta to inactivate enzymes. For the other three calves, the concentration of immunoreactive legumin found in the digesta, expressed as native legumin equivalent, was much higher during wk 1 and 4 of pea feeding than with the control diet (1.04 f .37, 1.27 f .68, and .03 f .03 mg/g of DM, respectively) but much lower than in the pea diet (21.6 mg/g of DM). The amount of legumin escaping digestion in the small intestine was .8 f .3 and 1.2 f .6% of intake during wk 1 and 4 of pea feeding.
During the study of kinetics, the quantity of digesta collected from the ileal cannula initially was low, increased dramatically between 2 and 4 h after the morning meal, and stayed at higher than initial levels until 10 h after the morning feeding (Figure 2 ). Digesta pH varied by calf between 6.2 and 8.1 during h 1 but was 7.5 to 8.0 in all calves during h 2 or 3. The pH decreased to 6.2 to 6.6 after h 6 and thereafter increased to 7.5 to 7.9. Calf D was an exception, because the pH drop to 6 did not occur until h 9. Digesta DM content increased when the digesta flow rate began to increase and thereafter varied irregularly between 8 and 24%. An initial peak of immunoreactive legumin arrived at the end of the ileum when the volume of digesta began to increase in calves A, C, and D; the maximum was during h 4.
The peak for calf B was delayed until h 6. Digesta flow rate was maximal at 5 h. Therefore, the peak of legumin preceded the peak of digesta for calves A and C and followed it for calf B. Calf C also had a delayed peak of legumin. Digesta flow had at least one more peak between the initial maximum at 5 h and the digesta from the afternoon feeding that had not begun to leave the ileum by 10 h. In calf D, digesta flow and legumin were maximal at h 4. The amount of legumin recovered in the digesta after h 10 represented .9, 2.1, 26, and 3.0% of the morning meal intake for calves A, B, C, and D, respectively. The chromatographic separation of soluble digesta proteins is shown in Figure 3 . There is a slight deviation of the standard molecular weights about the curve because the semi-log plot of the molecular weights versus volume of effluent is not perfectly linear; this deviation does not affect the overall interpretation of the digesta separations.
Protein from all of the extracts separated were eluted from the column between 20 and 60 ml (Figure 3 ). These eluted proteins represented proteins of molecular weight greater than that of pure legumin (24 ml) and much less than that of ovalbumin (40 ml). The amount of protein extracted from the 8-h sample (B) was less than that from the 4-h sample, Column Eluate (ml)
Column Eluate (ml) Column Eluate (ml) Figure 3 . Separation through Sephadex G-200 of soluble digesta proteins from calves that were less sensitive (A4, A8) and very sensitive (B4, B8) to the pea diet. Samples tested were collected at 4 h (A4, B4) and 8 h (A8, B8) after the morning feeding from calves that had been fed the pea diet for 4 wk. Shown are the elution profiles for protein ( 0 ) and legumin (A) and the column calibration curve (x).
( Figure 4) . Initial titers were approximately 1 and increased to 5.5 after 7 d. Titers were maximal (9 to 9.5) at the end of pea feeding (28 d). During the next 27 d, the calves were fed diets that did not contain pea, and the antibody titers began to drop immediately.
The plasma concentration of P-LG decreased from 60 to 40 ng/ml during the 4-wk pea feeding period (Figure 4) . No significant difference existed between P-LG values observed before and 5 h after the morning meal.
Experiment 2: Growth and Fecal Output
During pea feeding, average daily gain decreased between wk 1 and 4 (1.46 -+ .12 vs.
1.07 f .09 kg) but was higher than that observed in Experiment 1. The amount of feces extracted also was higher during wk 4 (1 8.3 f 4.7% of replacer intake) compared with that in wk 1 (10.8 f 1.2 kg), but this change was not significant.
Fecal Apparent Digestibility
The apparent digestibility of the pea diet showed no significant difference between wk 1 and 4, although the values, except for fat, tended to decrease ( Table 3) . During wk 1 on the pea diet, fecal digestibilities of N-free extract and minerals (Experiment 2) were higher than the ileal digestibilities in Experiment 1. During the wk 4, the differences between ileal and fecal digestibilities were much greater, but, because of the increased variability, differences for N and fat were not significant.
Digestion of Legumin
The concentration of immunoreactive legumin found in fecal DM was different (1.83 k .08 and .93 f .25 mg/g) during wk 1 and 4, respectively, and corresponded to 1.3 k . 1 and .5 f .l% of intake (P < .01). Urine samples collected from the four calves contained approximately 1 pg/ml of immunoreactive legumin. One urine sample that had been concen- trated by lyophilization revealed that the size of the immunoreactive legumin was approximately 45 kDa.
Plasma Antibody and 8-LO
The production of antibodies began with a higher background reaction than in Experiment 1 (2.5 to 3) and did not increase until after the sampling on d 6. By d 35, the titer was 9 to 9.5, as in the previous experiment. When the calves were switched to an all milk diet, the titers began to decrease within wk 1. Again, B-
LG decreased from an initial concentration of about 60 ng/ml to a low of 10 to 15 ng/ml throughout the pea feeding period.
DISCUSSION
The differences in growth rate during the pea feeding period between the two experiments probably reflected the difference in digestion between those calves for which the whole digestive tract was functional and those without digestion in their hindgut during collection. The calves appeared to become more intolerant to the pea diet in Experiment 1 than in Experiment 2, as shown by the larger decrease in digestibility and the more rapid increase of anti-pea antibody titers. The presence of an ileocecal cannula could have favored the development of intolerance, perhaps by increasing the losses of undigested material, which would increase the amount of immunoreactive material in contact with the intestinal mucosa.
Except for minerals, which are largely absorbed in the hindgut, the ileal apparent digestibility was higher with the control diet, confinning studies with diets of similar composition (12, 20, 30) . During wk 1 of pea feeding, all of the digestibilities measured were lower than those with the control diet, especially for N-free extract. With the all milk control diet, undigested N-free extract would be mainly of endogenous origin because both lactose and the small proportion of hydrolyzed starch are totally digested in the small intestine (3). The lower digestibility of N-free extract in the pea diet resulted from its high content of raw starch (about 18% of DM) and from cellulose and oligosides (about 1 and 3% of DM, respectively) (20) . When the digestibilities of lactose and milk N were assumed to be the same in the control and the pea diets, the calculated apparent digestibilities were 53% for pea N-free extract and 83% for pea N. Both values were lower than those previously found for a pregelatinized pea flour, which, in contrast to the raw pea flour, did not induce a decrease in fat digestibility (20) . During wk 4 of pea feeding, the calculated apparent digestibilities of pea constituents decreased more for N (52%) than for N-free extract (44%).
During wk 1 of pea feeding, mineral digestibility was higher in feces than in the ileum, in agreement with the important absorption of Mg, Na, and K in the hindgut (20) . Similarly, a large part of pea N-free extract was digested after the ileocecal valve, because its calculated value reached 69% at the end of the whole digestive tract. In contrast, N digestibility tended to decrease, as shown by the calculated value of 72% obtained for pea N. This trend was the reverse of that usually observed with diets containing a low proportion of starch (12, 20, 30) and resulted from the large amount of carbohydrate escaping digestion in the small intestine, which increased bacterial growth in the hindgut.
In agreement with our previous observations on milk, methanol-grown bacteria, fish, soy, and pregelatinized pea protein (11, 12, 20) , the ileal apparent digestibility of Cys and Thr was lower, whereas that of Met was higher than the mean value. An AA analysis was not conducted on the feces because fecal protein is mainly of bacterial origin (12) . With the control diet, the AA composition of ileal digesta was similar to that found in our previous experiments (1 1, 12, 20) . The theoretical mixture of endogenous, bacterial, and dietary proteins that best approximated the measured AA composition of ileal digesta was .39, .38, and .23, respectively (distance of x2 = 38, instead of values 2125 between ileal digesta and each protein introduced in the theoretical mixture). Therefore, in the milk-fed calf, protein in ileal digesta apparently is mainly of endogenous and bacterial origin. That observation is in agreement with the results of Guilloteau et al. (12) , showing that the true digestibility of milk protein is very high.
Partial replacement of milk protein by pea protein had only a minor effect on the AA profile of ileal digesta in both periods. Pea protein did not appear to constitute a large proportion of the digesta protein in either period, unless the AA composition of its undigested fraction was different from that of whole pea protein. The theoretical mixture of control digesta and pea protein that showed the best fit with the AA of pea digesta of wk 1 was .85 and .15. respectively (distance of x2 = 18 instead of 23 or 155 between pea diet digesta and control diet digesta or pea flour). Moreover, during wk 4, no theoretical mixture of control diet digesta and pea proteins was more similar to the protein of pea diet digesta than that of control digesta alone, which was consistent with the low recovery of immunoreactive legumin at the end of the ileum. When the proportion of total undigested pea protein was assumed to be similar to that of the undigested legumin (2% of intake according to the values recorded in the first three calves used for the extra collection day), pea protein can be calculated to constitute 7 and 4% of digesta protein during wk 1 and 4, respectively.
The decreasing apparent digestibility of the pea diet protein appeared to result from increased losses of endogenous and bacterial proteins. If the estimated digesta compositions a e accurate, total N in the digesta from endogenous plus bacterial sources increased by 1.6 and 3.1 during wk 1 and 4 for the pea diet compared with the control diet. Cells from the intestinal epithelium may contribute significant endogenous protein to the digesta. Kilshaw (13) reported that calves fed soybean produced casts of epithelial tissue at the ileal cannula. Severe reactions resulted in the appearance of blood (1 3) and partially digested blood clots in the ileal digesta (26) . Soybean in milk replacer causes a change in intestinal villus structure and shape (2, 25) , with obvious sloughing of epithelial tissue as the shape is modified. In the current study, some tissue was present in the digesta when the morning pea meal had time to pass through the small intestine.
During the kinetic study, feed solids began to arrive at the end of the ileum during h 3 or 4 after the morning meal. Phenol red, introduced into the abomasum with the morning meal, began to exit the ileum after 1.75 to 2 h. Therefore, the liquid phase appeared to move through the small intestine faster than the solid phase. Sissons and Smith (26) showed that the intestinal transit time of phenol red varied from 1.3 to 4.1 h depending on the nature of the diet. Allergenic soy proteins in the diet decreased transit time compared with milk or casein (26, 27) . The pea diet used in the present experiments appeared to have a similar effect. The patterns of flow rate of legumin and digesta pH were in agreement with our preliminary results (21) . The morning meal was given 16 h after the previous meal. Legumin left the abomasum in immunoreactive form only during the 6 h after the morning meal (21). Therefore, not surprisingly, legumin could not be detected at the end of the ileum before h 3 and was present only in small amounts during h 10. The delayed peak of DM flow compared with that of legumin could also be due to the slower abomasal emptying of fat (22) and starch (6) compared with soluble proteins. Digesta pH was minimal when the flow rate of DM was maximal. This pH was consistent with a high starch content at that moment, which favored the synthesis of organic acids by gut bacteria. Hypersensitivity, resulting from antibodies produced against a specific dietary protein, requires that the protein escape proteolytic digestion in the intestine and be absorbed in large enough fragments to stimulate immunoglobulin synthesis. Measurement of the amount of immunologically reactive proteins from soybean flour that had been subjected to in vitro digestion with specific proteases indicated that both glycinin and fbconglycinin were partially resistant to hydrolysis in the digestive tract (28). In the current experiments, .5 to 3.1% of the legumin fed was still immunologically active in the ileal digesta and the feces, which should be a quantity sufficient to stimulate antibody production after a very small amount had been absorbed. Using pregelatinized pea flour, Nunes do Rad0 et al.
(22) noted that the immunoreactive legumin in the flour was about 4% of that in untreated flour and that the amount measured in the ileal digesta was .2 to 1.1% of the amount consumed. Aubry and Boucrot (1) showed that 2.6% of the radioactive legumin fed to rats was recovered in the colon. The normal digestive process in the monogastric and preruminant animal does not totally digest the immunoreactive proteins that are fed in the diet.
The molecular weight of pure pea legumin has been suggested to be between 330 and 400 kDa (4, 7). Because the molecular weight of the legumin after 4 h of digestion was between 130 and 200 kDa, the first step in its digestion apparently was to split the molecule into two or three pieces. The immunological activity of the split molecule was maintained. Gueguen (9) reported that pea legumin was composed of 6 heavy chains (40 kDa each) and 6 light chains (20 m a ) , setting the molecular weight at between 360 and 400 kDa. A globular protein consisting of 12 chains could be divided into two or thee pieces without extensive hydrolysis, which is significant because a relatively small unit of the legumin molecule (-40 kDa) retained immunological activity against the antibodies prepared with pure legumin. the same weight of the intact molecule. Certain correction factors could have been applied if the following relationships had been properly understood. If the partially digested portions of the protein were less active in the ELISA test, the values reported for recovered legumin must be regarded as minimal. The majority of the digesta legumin was 50% or less of the size of the native molecule, so quantitation of the legumin in the ELISA test may have been overestimated because the concentrations used for the calculations were based on a standard curve using the native molecule. Also, some nonreactive fragments were partially digested but were not measured.
The intestinal wall is generally considered to be impermeable to intact proteins when intestinal closure occurs at 1 to 2 d of age.
However, evidence exists to the contrary: dietary proteins have been identified in the plasma of the calf (15) and of the piglet (31).
Legumin was found by ELISA in a few plasma samples after 3 d of feeding the pea diet in Experiment 2, but not later. These results were in agreement with our previous observations on legumin (23) and with those of Wilson et al. (31) on glycinin. The amount of free circulating antigen probably decreases with time because it is bound to specific antibodies as they are formed and is thus masked from ELISA analysis. The legumin absorbed was at least partially eliminated in the urine, because immunoreactive fragments with a size of about 45 m a , similar to that of the heavy subunits of legumin (9), were measured.
Alternatively, the presence of circulating antibodies that are specific for a dietary antigen indicate that the antigen has been absorbed somewhere along the digestive tract and has stimulated the immune system. Circulating antibodies have been demonstrated for the soybean globulins (2, 14, 20) and pea globulins (20) . Barratt et al. (2) stated that the circulating antibodies reported by others in response to soy proteins in the diet were similar to those expected from an immunization schedule rather than from absorbance of small amounts of the antigen in the small intestine. The amounts of whole proteins or large peptides absorbed directly into the blood may be greater than expected. In the presence of dietary antigens, the structure of the intestinal villi changes (2, 16, 25) , affecting the ability of the intestinal mucosa to absorb intact antigenic proteins. Kilshaw and Slade (15) found that calves sensitized to soy protein and fed a mixture of milk and heated soy flour increased their absorption of P-LG. No similar effect could be evidenced here, even in Experiment 1 in which the calves were more intolerant to the pea diet.
In conclusion, calves given raw pea flour developed adverse intestinal reactions that appeared to be of allergenic origin. These reactions probably were related to the long lasting contact of undenatured immunoreactive pea proteins with the digestive tract, which should favor their absorption because of the time of contact with the epithelium and should stimulate the mucosal sites that initiate antibody production. However, adverse effects of lectins or of microorganisms present in the product cannot be excluded.
